INTRODUCTION
T igecycline, the first glycycline antibiotic, has been available in Canada since 2007. A systematic review of 8 randomized controlled trials (with a total of 4651 patients) 1 suggested that the clinical and microbiological outcomes of tigecycline monotherapy were similar to those of empiric antibiotic regimens in the treatment of complicated skin and skin structure infections, intra-abdominal infections, and community-acquired pneumonia and other infections caused by methicillin-resistant Staphylococcus aureus (MRSA) or vancomycin-resistant Enterococcus (VRE). However, the incidence of adverse events, particularly nausea, was significantly higher with tigecycline than with the comparators. 1 In September 2010, the US Food and Drug Administration issued a safety communication suggesting an increased risk of death with tigecycline relative to other antibiotics used to treat similar infections. 2 The risk was greatest for patients with hospital-acquired pneumonia, especially ventilator-associated pneumonia. The clinical use of tigecycline therapy is generally reserved for treatment of multidrug-resistant (MDR) organisms. There are very limited data regarding its use in the treatment of urinary tract infections, as urinary excretion is a minor route of elimination for this drug. Even with no clinical trials, the drug has been suggested as an alternative for the treatment of complicated and nosocomial or catheter-related urinary tract infections caused by MDR Enterobacteriaceae, Acinetobacter baumannii, and VRE. 3 We report a case of persistent urinary tract infection secondary to prostatitis that was treated with tigecycline and review the literature concerning use of this drug for treatment of urinary tract infections.
CASE REPORT
An 86-year-old man was admitted to hospital with acute onset of left-sided lower-quadrant pain radiating to the flank, accompanied by nausea, fever, chills, and rigors. The medical history included chronic kidney disease (baseline serum creatinine 200-250 µmol/L), diabetes mellitus, hypertension, and benign prostatic hypertrophy. The patient had returned from a 4-month trip to India 4 days before admission. He had been admitted to hospital twice while in India for pyelonephritis, but no information regarding his course in hospital, medications, or other treatment modalities could be obtained. Medications preceding admission included short-and longacting insulin (30/70) twice daily, amlodipine 5 mg daily, tamsulosin 0.4 mg daily, pantoprazole 40 mg daily, lorazepam 1 mg at bedtime as needed, cetirizine 10 mg daily, and acetaminophen as needed. The patient had no known drug allergies and weighed 58.2 kg at the time of admission.
On physical examination, the patient was alert and oriented to person, place, and time. The results of neurological, head and neck, respiratory, and cardiovascular examinations were unremarkable. Abdominal examination revealed distension of the abdomen, with pain and tenderness in the left lower and upper quadrants radiating to the left flank. Musculoskeletal examination revealed a nonblanchable rash on the arms and legs, but no further description of the rash was documented. The patient was hemodynamically stable and afebrile.
At the time of admission, serum creatinine was 301 µmol/L (normal range 50-120 µmol/L), with an estimated creatinine clearance of 13 mL/min (Cockcroft-Gault formula). Other laboratory measurements were serum potassium 5.2 mmol/L (normal range 3.3-5.1 mmol/L), carbon dioxide 19 mmol/L (normal range 21-31 mmol/L), serum lactate 2.4 mmol/L (normal range ≤ 2 mmol/L), and serum glucose 11.3 mmol/L (normal range 3.6-11.1 mmol/L). All other electrolytes and the results of liver function tests were within normal ranges. Coagulation parameters were slightly elevated, with an international normalized ratio of 1.3 (normal range 0.9-1.1) and partial thromboplastin time of 35.8 s (normal range 25-35 s). Complete blood count revealed hemoglobin 110 g/L /L). Urinalysis showed a large amount of blood and leukocytes. In addition, the urine was nitrite-positive, with 1 g/L protein, and the microscopic field was obscured by white blood cells. Electrolytes in the urine were normal. Computed tomography (CT) of the abdomen and pelvis revealed mild hydronephrosis, hydroureter of the left kidney, and asymmetric soft-tissue thickening near the left ureterovesical junction, which suggested a possible obstructing mass. Obstructive urosepsis was diagnosed, and samples of urine and blood were drawn for culture. The patient was given empiric therapy consisting of 1 dose of ceftriaxone 2 g IV, followed by piperacillin-tazobactam 2.25 g IV q8h, and a nephrostomy tube was placed by ultrasound guidance. The preliminary urine culture report suggested more than 1 × 10 8 colony-forming units (cfu)/L of gram-negative bacilli. Gram staining of the blood culture revealed gramnegative bacilli resembling coliform bacteria. Nasal and rectal swabs were negative for MRSA, but the rectal swab was positive for vancomycin-resistant Enterococcus faecium.
On day 2, cultured samples of urine and blood grew Escherichia coli (see Table 1 ). Infectious diseases specialists were consulted. The piperacillin-tazobactam was discontinued, and meropenem 500 mg IV twice daily for 14 days was initiated, given the perceived risk of an extended-spectrum ß-lactamase (ESBL) organism associated with travel to the Indian subcontinent. The microbiology department confirmed that the bacterium was not a New Delhi metallo-ß-lactamase-1 isolate.
On day 3, the meropenem was discontinued to reduce Pseudomonas-selective pressure. Antibiotic therapy was changed to renally adjusted ertapenem 500 mg IV daily for 14 days. The E. coli specimens isolated from the urine and blood were subsequently determined to produce ESBL but not AmpC cephalosporinase (Table 1) . By this time, the patient's flank pain had resolved.
On day 4, a painful, pruritic erythematous macular rash developed on the patient's palms, arms, thighs, ankles, and feet. The rash was nonpalpable and nonblanchable, and a possible connection with carbapenem therapy was considered. Given the convincing presentation, a dermatology specialist was not consulted, nor was a skin sample taken for biopsy. The therapeutic options were limited, so ertapenem was changed to tigecycline 100 mg IV once, followed by 50 mg IV twice daily. Magnetic resonance imaging of the pelvis showed thickening of the bladder suggesting chronic obstruction of the bladder outlet, mild enlargement of the prostate, no mass of the pelvis or ureterovesical junction, and normal ureters. On day 6, the nephrostomy tube was removed, and by day 9 the rash had resolved.
On day 15, while continuing to receive tigecycline therapy, the patient had slightly elevated counts of white blood cells (11.2 × 10 9 /L) and neutrophils (10 × 10 9 /L) but was afebrile. There was no documentation of dysuria, urgency, or increased urinary frequency. Urinalysis and microscopy revealed that the urine was nitrite-negative, with moderate quantities of leukocytes and bacteria, white blood cells above 30 per high-power field (normal range 0-5 per high-power field), and the presence of yeast. The patient received a single oral dose of fluconazole 100 mg. Culture of the urine yielded more than 1 × 10 8 cfu/L of ESBL-producing E. coli (Table 1) . The blood culture results were negative. Given the presence of persistent bacteriuria, a diagnosis of chronic prostatitis was considered, for which the duration of antibiotic treatment would be 6 weeks. Tigecycline 50 mg IV twice daily was 
S R= resistant, S = sensitive. *Extended-spectrum ß-lactamase-producing Escherichia coli was cultured from urine (all dates) and blood. †Where neither R nor S is indicated for a particular drug on a particular date, testing was not performed.
continued, and a urology specialist was consulted to discuss potential cystoscopy.
On day 17, ultrasonography of the abdomen showed echogenic renal parenchyma consistent with changes associated with renal disease. The left side demonstrated fullness of the intrarenal collecting system without gross hydronephrosis, and on the right side there were multiple, apparently simple renal cortical cysts. On day 25 the patient underwent cystoscopy with fluoroscopy, which showed a normal bladder but a persistent filling defect in the left ureter at the mid-distal region. On day 26, repeat CT of the abdomen and pelvis suggested no evidence of left ureteric obstruction. A decrease in the nephromegaly and inflammation surrounding the left kidney suggested resolution of the left-sided pyelonephritis and pyelitis with no evidence of abscess. On day 27, the patient underwent left ureteroscopy, which did not suggest the presence of any pathologic condition.
On day 29, the tigecycline was discontinued. Repeat urinalysis and microscopy showed that the urine was nitritenegative, with a large quantity of leukocytes, few bacteria, and 6-10 white blood cells per high-power field. Culture of the urine yielded 1 × 10 7 to 1 × 10 8 cfu/L of ESBL-producing E. coli. The microbiology department confirmed that the bacteria were susceptible to tigecycline (Table 1) . On day 32, infectious diseases specialists were consulted again because of the persistent bacteriuria. Repeat abdominal ultrasonography did not suggest any renal obstruction or hydronephrosis. Urinary postvoid residual volume was 6 mL (normal range less than 50 mL). The patient did not have any symptoms of a urinary tract infection or prostatitis. Therefore, no further treatment was recommended, and on day 33 the patient was discharged to home, at which time serum creatinine was 239 µmol/L.
On day 46, the patient returned to the emergency department with right flank pain but no urinary tract symptoms. Pertinent findings of a physical examination included rightsided tenderness of the costovertebral angle. Vital signs were blood pressure 165/88 mm Hg, heart rate 90/min, oxygen saturation 100% on room air, respiratory rate 20/min, and temperature 38°C. Urinalysis and microscopy revealed that the urine was nitrite-negative, with a large number of leukocytes, protein 0.3 g/L, a moderate amount of blood, and more than 30 white blood cells per high-power field. Culture of the urine yielded more than 1 × 10 8 cfu/L of ESBL-producing E. coli (Table 1) . The blood culture results were negative. Abdominal ultrasonography revealed several small homogenous cortical cysts in both kidneys. No hydronephrosis or renal calculi were seen, nor was there evidence of urinary tract obstruction.
Upon consultation, the infectious diseases specialist thought that the most likely source of the bacteriuria was the prostate. The recommendation was to give tigecycline 100 mg IV once, followed by 50 mg twice daily for 6 weeks. The patient tolerated both courses of tigecycline and did not report any nausea; the results of all liver function tests remained within normal ranges. On day 88, the tigecycline was discontinued. The patient did not report any urinary tract symptoms, did not have any difficulty voiding, and was discharged to home.
On day 152, the patient was readmitted to hospital with shortness of breath secondary to heart failure. Vital signs were blood pressure 155/62 mm Hg, heart rate 69/min, oxygen saturation 98% on room air, and respiratory rate 14/min, and the patient was afebrile. Hemoglobin was 111 g/L, platelets 99 × 10 Urinalysis and microscopy revealed that the urine was nitrite-negative, with a small quantity of leukocytes, no protein, a moderate amount of blood, and more than 30 white blood cells per high-power field. Culture of the urine yielded more than 1 × 10 8 cfu/L of ESBL-producing E. coli (Table 1 ). Sensitivity to tigecycline was not reported. The blood culture results were negative. A digital rectal examination showed no evidence of prostatitis. Given the patient's recent history, empiric therapy with tigecycline was started: one dose of 100 mg IV, followed by 50 mg IV twice daily. However, on day 157, the tigecycline was stopped, both because the patient had not had any symptoms of a urinary tract infection at the time of admission and because colonization with ESBL-producing E. coli was thought to be likely.
DISCUSSION
Tigecycline is one of the few antibiotics with in vitro activity against MDR Klebsiella pneumoniae and A. baumannii. However, clinical data regarding its effectiveness against infections caused by ESBL-producing bacteria are rare. 4, 5 Some clinicians have debated the use of tigecycline for treatment of urinary tract infection caused by MDR bacteria, on the basis of concerns about inadequate drug concentrations in the urine. A brief overview of the pharmacokinetics and pharmacodynamics of tigecycline is necessary to evaluate the use of this drug in urinary tract infection and prostatitis.
Tigecycline has a volume of distribution of 7-10 L/kg, which is much greater than most other classes of antimicrobials. 6 In vitro, the drug is approximately 71%-89% bound to plasma proteins. Various studies have suggested that the drug distributes into bile; the epithelial lining; synovial, skin blister, ascitic, and cerebrospinal fluids; polymorphonuclear cells; and tissues such as the colon, lung, and bone. [6] [7] [8] Pfizer Canada did not have any information on penetration of tigecycline into the prostate (J. Drummond, Medical Information, Pfizer Canada; personal communication, August 5, 2011). However, minocycline, from which tigecycline is derived, is regarded as having good prostatic penetration. More specifically, penetration of minocycline into the prostatic tissue achieves levels 40%-100% of the corresponding serum concentrations. 9, 10 Tigecycline is not extensively metabolized. The 2 major metabolic pathways are glucuronidation and amide hydrolysis to metabolites with negligible pharmaco logical activity. 8 The major route of elimination is biliary and fecal excretion (59%). 6, 7 An additional 33% undergoes renal excretion, with only 10%-15% of the total dose being excreted as unchanged drug. 6 After multiple doses, the half-life of tigecycline is approximately 42 h. 7 Tigecycline inhibits protein synthesis at the level of the bacterial ribosome by blocking the binding of amino-acyl tRNA to the A site of the ribosome. 7, 8 Similar to the tetracyclines, tigecycline generally exhibits a bacteriostatic pattern of antimicrobial activity. However, its activity depends on the pathogen and strain examined, as well as the methods and exact definitions used, as bactericidal activity against Streptococcus pneumoniae has been demonstrated. 8 Given the prolonged post-antibiotic effect against most pathogens (approximately 1-4.5 h), along with the extensive volume of distribution and prolonged elimination half-life, the ratio of area under the curve to minimum inhibitory concentration (AUC/MIC ratio) has been proposed as the most important pharmacodynamic index of tigecycline. 6, 8 A systematic review of the literature was conducted to identify publications describing the use of tigecycline in the treatment of urinary tract infection or prostatitis. The search terms "tigecycline", "urinary tract infection", "pyelonephritis", and "prostatitis" were used to search PubMed (January 1948 to December 2011), Ovid (January 1948 to December 2011), Embase (January 1974 to December 2011), and International Pharmaceutical Abstracts (January 1970 to December 2011). A total of 13 cases and 1 case series (which had just one patient with a urinary tract infection) were identified. [11] [12] [13] [14] [15] [16] [17] [18] [19] One of these cases was excluded from the analysis because insufficient information was reported.
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The remaining 12 cases of tigecycline therapy for urinary tract infection or prostatitis were reviewed (Table 2) . [12] [13] [14] [15] [16] [17] [18] [19] The most common dosage of tigecycline used in these cases was a 100-mg loading dose followed by 50 mg twice daily. For only 4 of the cases was tigecycline susceptibility reported. [12] [13] [14] [15] A negative clinical and/or microbiological outcome occurred in 4 patients. [12] [13] [14] 19 One death was reported, but the cause of death was unrelated to the infection. 13 No patient-specific negative outcome information was provided in the case series. 19 In the case reported by Drekonja and Johnson, 14 the patient underwent only 2 weeks of therapy for prostatitis, and the results of repeat urine culture were positive for an ESBLproducing E. coli. This outcome may have been the result of suboptimal therapy for chronic prostatitis, as the usual duration of treatment for chronic bacterial prostatitis is 4-6 weeks. In the case reported by Reid and others 12 , hospital-acquired pneumonia developed 20 days after the tigecycline was discontinued, and culture of the sputum yielded A. baumannii with a tigecycline MIC of 2 µg/mL (where the MIC for sensitive bacteria would be less than 2 µg/mL) and Stenotrophomonas maltophilia. At about the same time, the patient started to experience back pain, and spinal osteomyelitis and a paraspinal abscess were discovered. Two isolates of A. baumannii (tigecycline MIC 24 µg/mL) were identified in the fluid drained from the abscess. Urine culture results were also positive for A. baumannii (tigecycline MIC 24 µg/mL). The patient was treated successfully with colistin and ceftazidime.
Some clinicians have used higher doses of tigecycline (200 mg or 400 mg daily) to achieve higher urinary concentrations, as the drug displays linear pharmacokinetics. 7, 16, 20, 21 The 400-mg dose has been effective against MDR strains of K. pneumoniae and A. baumannii with higher MIC values. One author reported no increase in the incidence of nausea and vomiting with higher tigecycline doses. 16, 20 Satlin and others 22 published a retrospective cohort study of urinary tract infection caused by carbapenem-resistant K. pneumoniae and treated with aminoglycosides (n = 41), polymyxin B (n = 25), or tigecycline (n = 21); a fourth cohort (n = 69) received antimicrobial therapy with no activity against gram-negative organisms. The primary outcome was microbiological clearance, defined as follow-up urine culture from which carbapenem-resistant K. pneumoniae was not isolated. There were no statistically significant differences between cohorts for any baseline or treatment-associated variables. All of the tigecycline-treated patients received an initial dose of 100 mg IV followed by 50 mg twice daily. The microbiologic clearance rate was 88% in the aminoglycoside cohort, 64% in the polymyxin B cohort, 43% in the tigecycline cohort, and 36% for patients receiving antibiotics with no gram-negative coverage. As in the case reported here, tigecycline was unable to clear the ESBL-producing E. coli from the urine.
The literature search revealed only 2 cases of urinary tract infection manifesting as prostatitis. In the case reported by Geerlings and others, 18 prostatitis was suspected as the cause of recurrent urinary tract infection, and the patient received 6 weeks of tigecycline therapy (dose not reported), with no recurrence 5 months after therapy. No supplemental information was provided. Drekonja and Johnson 14 also reported a case of recurrent urinary tract infection secondary to prostatitis.
After completing a 2-week course of tigecycline (100 mg followed by 50 mg twice daily), the patient was asymptomatic, and his prostate was smaller and nontender. Urinalysis revealed no pyuria, the results of urine culture were negative, and the prostate-specific antigen level had decreased from 13.36 µg/L to 6.23 µg/L (normal range 0-4.5 µg/L). One month after completing therapy, repeat urine culture yielded an ESBLproducing E. coli. However, the patient remained asymptomatic over the next 5 months and did not receive any antimicrobials. In the case presented here, the patient also had persistent bacteriuria following treatment with tigecycline.
Clinicians have few antibiotic options for the treatment of infections with MDR gram-negative organisms. Furthermore, no new antibiotics with activity against MDR gram-negative organisms are expected to be released within the next 5 years. 23 In the case presented here, the patient initially received piperacillin-tazobactam. The clinical evidence regarding the usefulness of ß-lactam/ß-lactamase inhibitor combinations for the treatment of ESBL infections is limited. 4, 5 Piperacillin-tazobactam achieves high concentrations in the urinary tract and has been used successfully in the treatment of ESBL-producing organisms. 4, 5 However, many failures have been described, and resistance may develop during therapy. 24 Carbapenems are considered the drug of choice against serious infections due to ESBL-producing bacteria. 4, 5 Unfortunately, the patient described here experienced a leukocytoclastic vasculitic rash secondary to carbapenem therapy, which precluded further ß-lactam therapies (such as temocillin or cefoxitin-cefotetan). 25, 26 The propensity of ESBL-producing organisms to be resistant to many classes of antibiotics greatly limits the choice of treatments. The genes encoding for ESBL enzymes are located on large plasmids that can (and usually do) harbour genes for resistance to fluoroquinolones, aminoglycosides, and cotrimoxazole. 4, 5 In the case presented here, the ESBLproducing E. coli in urine and blood was sensitive to sulfamethoxazole-trimethoprim and gentamicin. The potential for emergence of resistance during treatment with 50 mg q12h § ESBL = extended-spectrum ß-lactamase-producing, NR = not reported. *Clincial cure defined as resolution of signs and symptoms of infection. †Microbiological eradication defined as a negative result on repeat culturing. ‡Patient also received colistin concurrently. §Patient also received imipenem-sulbactam concurrently. ¶These authors reported a case series of patients treated with tigecycline, but only one of the patients had a urinary tract infection.
sulfamethoxazole-trimethoprim often precludes its use as empiric therapy. 5 In addition, the trimethoprim component tends to cause hyperkalemia in individuals with prior renal disease, which further limits its use. 27 Nephrotoxicity has been reported with aminoglycosides (in up to 50% of patients) and colistin (in up to 40% of patients), and the patient described here had chronic renal failure. Therefore, neither of these therapies was a suitable option. 23, 28 Most antibiotics are either weak acids or weak bases that ionize in biological fluids, which inhibits their ability to cross the prostatic epithelium. Penetration of a drug into the prostate will be enhanced by a high concentration gradient, high lipid solubility, low degree of ionization, high dissociation (i.e., pKa allowing diffusion of the un-ionized component into the prostate), low protein binding, and small molecular size. 9, 10 Surprisingly few antibiotics achieve clinically significant prostatic penetration; these include fluoroquinolones, tetracycline, and sulfamethoxazole-trimethoprim. Tigecycline is a small molecule (molecular weight 586 daltons) that is highly ionic and freely soluble throughout the entire pH range of 1 to 14. The drug is approximately 71%-89% bound to plasma proteins. 6, 7 It has an n-octanol-water partition coefficient of 1.338 at pH 8, where a value less than 10 is considered relatively hydrophilic (J. Drummond, Medical Information, Pfizer Canada; personal communication, November 18, 2011). Its physicochemical characteristics suggest that tigecycline may not have good penetration into prostatic tissue; however, there is a lack of clinical evidence to show decreased efficacy in the treatment of prostatitis.
Fosfomycin and nitrofurantoin are 2 other antibiotics that could be used to treat an ESBL-producing organism causing uncomplicated cystitis. 4, 5, 29 However, because the patient described here had pyelonephritis and prostatitis, these agents were not suitable options. Nitrofurantoin does not achieve therapeutic concentrations in the prostate. 9 Fosfomycin has been shown to produce outcomes similar to those of carbapenems in complicated lower urinary tract infections caused by ESBL-producing organisms. 30 However, this drug was discontinued by Triton Pharma Inc (Montréal, Quebec) in July 2011 and is available only through Health Canada's Special Access Programme. It is not currently licensed for the treatment of complicated upper urinary tract infections, and the optimal dose and duration of therapy have not been evaluated in clinical trials. 31 There is also a lack of information about the use of fosfomycin in the treatment of prostatitis; however, it has been suggested that fosfomycin has good penetration into the prostate, achieving levels approximately 30% of those in the serum. 32, 33 Overall, tigecycline therapy was deemed the best option for treatment of pyelonephritis and prostatitis caused by ESBLproducing E. coli in this patient with chronic renal failure, baseline hyperkalemia, and documented ß-lactam intolerance.
CONCLUSIONS
Tigecycline undergoes minimal urinary excretion, but the literature suggests that the drug is a viable second-line option to treat urinary tract infections caused by MDR organisms. Treatment of urinary tract infections with tigecycline 100 mg followed by 50 mg twice daily appears to be associated with positive clinical outcomes; however, bacteriuria may persist in about 50% of patients after completion of treatment. In the case presented here, a 6-week course of tigecycline therapy was well tolerated, with no reports of nausea or increase in liver enzymes; however, this therapy did not eradicate the organism. To the authors' knowledge, only 3 cases describing tigecycline therapy in the treatment of prostatitis have been reported. Large randomized, double-blind trials are needed to determine the role of tigecycline in the treatment of complicated urinary tract infections, including pyelonephritis and prostatitis. 
